We present radial-velocity measurements obtained in one of a number of programs underway to search for extrasolar planets with the spectrograph SOPHIE at the 1.93-m telescope of the Haute-Provence Observatory. Targets were selected from catalogs observed with ELODIE, which had been mounted previously at the telescope, in order to detect long-period planets with an extended database close to 15 years. Two new Jupiter-analog candidates are reported to orbit the bright stars HD150706 and HD222155 in 16.1 yr and 10.9 yr at 6.7 −0.53 M Jup , respectively. Using the measurements from ELODIE and SOPHIE, we refine the parameters of the long-period planets HD154345b and HD89307b, and publish the first reliable orbit for HD24040b. This last companion has a minimum mass of 4.01 ± 0.49 M Jup orbiting its star in 10.0 yr at 4.92 ± 0.38 AU. Moreover, the data provide evidence of a third bound object in the HD24040 system. With a surrounding dust debris disk, HD150706 is an active G0 dwarf for which we partially corrected the effect of the stellar spot on the SOPHIE radial-velocities. In contrast, HD222155 is an inactive G2V star. In the SOPHIE measurements, an instrumental effect could be characterized and partly corrected. On the basis of the previous findings of Lovis and collaborators and since no significant correlation between the radial-velocity variations and the activity index are found in the SOPHIE data, these variations are not expected to be only due to stellar magnetic cycles. Finally, we discuss the main properties of this new population of longperiod Jupiter-mass planets, which for the moment, consists of fewer than 20 candidates. These stars are preferential targets either for direct-imaging or astrometry follow-up surveys to constrain the system parameters and for higher-precision radial-velocity searches for lower mass planets, aiming to find a solar system twin. In the Appendix, we determine the relation that defines the radial-velocity offset between the ELODIE and SOPHIE spectrographs.
Introduction
One motivation of our search for planetary systems is to put the solar system into perspective and understand its formation. Until now, most discovered systems have not resembled the planets of our system. If we were to observe the Sun in radial-velocity (hereafter RV), the main source of perturbation should be that of Jupiter with a period of 11.86 yr, an orbital distance of 5.2 UA, and a RV semi-amplitude of about 12 ms −1 . The detection of long-period Jupiter-like planets are therefore expected to be the first step in the quest to discover an analog of the solar system. This step is already achievable, in contrast to the detection of earth-like planets in the habitable zone of their host stars which will generally require the next generation of instruments.
The long-term accuracy of several spectrographs and the timescale of some RV surveys has started to permit the discoveries of long-period planets. Few planets are known to date within the orbital distance range of Jupiter with fewer than seventeen planets having been found to be orbiting at distances greater than 4 AU (cf. Table 1 ). Some of these have been announced with incomplete orbits. These planets overlap with the few microlens-ing detections at these orbital distances and in the Jupiter-mass regime, as OGLE235-MOA53b is a 2.6 M Jup planet at 5.1AU (Bond et al. 2008) . We note that the planet-host stars are expected to be low-mass stars and their giant planets are colder than Jupiter.
The SOPHIE consortium started a large program to search for planets in October 2006 (Bouchy et al. 2009 ) that led to several planet discoveries (e.g. Hébrard et al. 2010 , Boisse et al. 2010b , Díaz et al. 2012 . Among the different subprograms, one focuses on the follow-up of the drifts and long-period signals detected in the ELODIE sample, in line with the continuity of the historical program initiated by M. Mayor and D. Queloz in 1994 with the spectrograph ELODIE over more than 12 years (Mayor & Queloz 1995; Naef et al. 2005) . These trends are identified as incomplete orbits of gravitationally bound companions and the monitoring aims to determine their periods and masses, (thus establish either their planetary, brown dwarf, or stellar nature). The SOPHIE spectrograph has replaced ELODIE at the 1.93m-telescope at Observatoire de Haute-Provence (OHP) since October 2006. About 40 targets were selected from the original ELODIE catalog, which contained about 400 targets. They are mainly G and K dwarfs, which have been observed with SOPHIE with the objective of detecting very long-period planets (>8 yr) and multiple systems.
We report the detection of two Jupiter-analogs around the Sun-like stars HD150706 and HD222155 based on ELODIE and SOPHIE RV measurements. The observations are presented in Section 2, and we characterize the planet-host stars in Sect. 3. In Sect. 4, we analyze the RV measurements and constrain the planetary parameters. In Sect. 5, we determine the first reliable orbit for HD24040b (Wright et al. 2007) , and refine the planetary parameters of HD154345b (Wright et al. 2008 ) and HD89307b (Fischer et al. 2009 ). Finally in Sect. 6, we discuss how the observed RV variations should not come from long-term magnetic cycles, before putting these new planets in the context of the other discoveries and the perspectives for these systems to be followed. In the Appendix, we determine the RV shift between the ELODIE and SOPHIE data.
Radial velocity measurements
Measurements were obtained with the cross-dispersed echelle ELODIE spectrograph mounted on the 1.93-m telescope at the Observatoire de Haute-Provence observatory (OHP, France) between late 1993 and mid 2006 (Baranne et al. 1996) . The stars were subsequently monitored by the SOPHIE spectrograph that replaced ELODIE which provided improvements in terms of stability, limiting magnitude, and resolution. For the two instruments, the stellar spectrum were recorded simultaneously with a thorium-argon calibration (thosimult mode, Bouchy et al. 2009 ), allowing an estimation of the intrinsic drift of the spectrograph at the same time as the observation. The optical fibers include a double scrambler in the path of light to improve the RV stability. A mean time exposure of 900 s (which varied between 600 s and 1200s depending on the weather conditions) helped to minimize the photon noise and average the acoustic oscillation modes (pmodes).
ELODIE has a resolving power R=λ/∆λ ≈ 42 000 (at 550 nm, see e.g. Perrier et al. 2003 for more details). The spectra are correlated with a G2-spectral type numerical mask. The resulting cross-correlation functions (CCF) are fitted by Gaussians to derive the RV values (Baranne et al. 1996 , Pepe et al. 2002 .
The SOPHIE observations were performed in highresolution mode reaching a resolution power of ∆λ/λ ≈ 75 000 (at 550 nm). The SOPHIE automatic data reduction software was used to derive the RV from the spectra, after a cross-correlation with a G2-spectral type numerical mask (Baranne et al. 1996; Pepe et al. 2002) and a fit of a Gaussian to the resulting CCF. The typical photon-noise uncertainty is around 1.5 ms −1 , which was calculated as described in Boisse et al. 2010b . However, the main error source in these measurements originates from the instrument, namely the seeing effect (Boisse et al. 2010a,b) . This instrumental effect is due to the insufficient scrambling of one multimode fiber that leads to the non-uniform illumination of the entrance of the spectrograph. We note that this noise was removed by a fiber link modification, which includes a piece of octagonal-section fiber in June 2011 (Perruchot et al. 2011 ). An external systematic error of 4 ms −1 for instrumental errors (guiding, centering, and seeing) was then quadratically added to the SOPHIE mean measurement uncertainty. Seeing error is not expected in the ELODIE measurements as the instrumental configuration was different, but the RV uncertainty take into account the guiding and centering errors. In the following, the signal-to-noise ratio (SNR) are given per pixel at 550 nm. We note the sampling per resolution element (full width half maximum, FWHM) is 2.2 pixels for ELODIE and 2.7 pixels in the high-resolution mode for SOPHIE.
The RV data are available at the CDS as tables, which contain in theirs cols. 1-3, the time of the observation (barycentric Julian date), the RV, and its error, respectively
HD150706
Over nine years, between July 1997 and June 2006, 50 RV measurements were done with the ELODIE spectrograph. We did not take into account two measurements with SNR<10. SOPHIE obtained 59 observations of HD150706 between May 2007 and April 2011. Five measurements with SNR lower than 100 were removed. One spectrum contaminated by moonlight was also discarded. The final data set contains 48 ELODIE and 53 SOPHIE measurements with a typical SNR of, respectively, 80 and 172. The data are available at the CDS in Tables A.1 (ELODIE) and A.2 (SOPHIE).
HD 222155
We obtained 44 spectra of HD222155 with the ELODIE spectrograph on a timescale of eight years between August 1997 and November 2005. HD222155 was observed 71 times by SOPHIE between July 2007 and January 2011. Three measurements with SNR lower than 100 were removed. We discarded one observation, which had been made with the background sky spectrum recorded simultaneously (objAB mode, Bouchy et al. 2009) 28.2 ± 0.3 49.1 ± 1.5
(1) Parameter derived from the UES spectra (Santos et al. 2003) .
(2) Parameter derived from the SOPHIE spectrum (Santos et al. 2004) . (3) Parameter derived from the SOPHIE CCF (Boisse et al. 2010b ).
leads to an absolute V-band magnitude of 4.75. A stellar diameter R ⋆ =0.96±0.02 R ⊙ was estimated by Masana et al. (2006) from photometric measurements. A spectroscopic analysis (Santos et al. 2004 ) was done on high-resolution spectra obtained with the UES spectrograph on the 4-m William Herschel telescope (Santos et al. 2003) . They derived an effective temperature T eff =5961 ± 27 K, a surface gravity log g=4.5 ± 0.1, a metallicity [Fe/H] = -0.01 ± 0.04, and a stellar mass M ⋆ = 1.17 ± 0.12 M ⊙ .
From the SOPHIE CCF (Boisse et al. 2010b ), we estimated v sin i ⋆ =3.7 ± 1.0 kms −1 and a metallicity of [Fe/H]=0.08 ± 0.10 in agreement with the spectroscopic analysis. We assessed the stellar activity level from the emission in the core of the Ca II H&K bands, which was measured in each SOPHIE spectra of HD150706 with the calibration reported in Boisse et al. (2010b) . This yields a value of logR ′ HK =-4.47 ± 0.10. HD150706 is an active star and we may expect to find a RV jitter caused by stellar spots of about 15 ms −1 (Santos et al. 2000) . According to the calibrations of Noyes et al. (1984) and Mamajek & Hillenbrand (2008) , the log R ′ HK value of HD 150706 implies a rotation period of P rot ≈ 5.6 days. From the v sin i ⋆ and stellar radius values, we inferred that P rot 18 days (Bouchy et al. 2005) . Holmberg et al. (2009) estimated an age of 5.1
−4.5 Gyr, which agrees with the Marsakov et al. (1995) value of 4.69 Gyr. However younger ages were derived from Ca II measurements, namely 1.4 Gyr (Wright et al. 2004 ) and 1.16 Gyr (Rocha-Pinto et al. 2004) , and by comparing with stellar isochrones, namely 2.3 Gyr (Gonzalez et al. 2010) . Meyer et al. (2004) detected a dust debris disk surrounding HD150706 using IRAC and MIPS Spitzer data. The authors argued for the presence of a companion in order to explain their observation of a large inner hole in the dust distribution of the disk.
The parameter values for the star are gathered in Table 2 .
HD 222155 (HIP116616) is a G2V bright star with an apparent Johnson V-band magnitude of m V =7.1 (Hipparcos catalogue, ESA 1997) and a B− V=0.64. Van Leeuwen (2007) derived from the Hipparcos measurements a parallax of 20.38 ± 0.62 mas, leading us to infer a distance of 49.1 ±1.5 pc with an absolute V magnitude of 3.65 mag. The star's effective temperature T eff = 5765 ± 22 K, surface gravity log g = 4.10 ± 0.13, micro-turbulence velocity V t = 1.22 ± 0.02 km s −1 , and metallicity [Fe/H] = -0.11 ± 0.05 dex, were determined using the spectroscopic analysis method described in Santos et al. (2004) . The analysis was performed on a spectrum of high SNR measured with SOPHIE without a simultaneous calibration. When combined with isochrones (da Silva et al. 2006) 1 , these parameters yield a stellar mass M ⋆ = 1.06 ± 0.10 M ⊙ , a stellar radius of R ⋆ =1.67±0.07 R ⊙ , and an age 8.2±0.7 Gyr in agreement with the 8.4 Gyr estimated by Holmberg et al. (2009) . The values of the radius and the mass agree with those derived by Allende- Prieto & Lambert (1999) of M ⋆ = 1.20 ± 0.11 M ⊙ and R ⋆ =1.66±0.07 R ⊙ . For the stellar mass, we chose the mean value M ⋆ = 1.13 ± 0.11 M ⊙ .
The projected rotational velocity v sin i ⋆ = 3.2 ± 1.0 km s −1 is estimated from the SOPHIE CCF (Boisse et al. 2010b ). The alternative estimate of the stellar metallicity [Fe/H] = 0.02 ± 0.10 from the CCF is consistent with the more accurate determination based on spectral analysis. The stellar activity index is derived from the stellar spectra calculated in the Ca II H&K lines, log R ′ HK =-5.06 ± 0.10. HD222155 is on its way to be a subgiant. These stars have a lower log R ′ HK (Wright et al. 2004 , Lovis et al. 2011b owing to their higher luminosities and/or lower surface gravities compared to main-sequence stars of the same color. These stars are expected to have smaller long-term variabilities than main-sequence stars. HD222155 is then a low-active star for which we expect intrinsic variability at a lower level than those caused by instrumental effects. For log R ′ HK -5.0, Mamajek & Hillenbrand (2008) noted that the correlation between log R ′ HK and the Rossby number is poor and they were unable to derive a reliable relation to derive a P rot .
The stellar parameters are given in Table 2 .
Radial velocity analysis and planetary parameters
4.1. HD150706b, a Jupiter analog around an active star A Jupiter-mass planet in an eccentric 265-day orbit, HD150706b, was announced during the "Scientific Frontiers in Research on Extrasolar Planets" conference, Washington, in June 2002 based on ELODIE RV measurements. However, later observations led the conclusion that the RV variations are instead caused by a longer-period planet (S. Udry, private communication). Using Eq. A.2 from our Appendix A, we first fixed the ∆(RV) E−S between ELODIE and SOPHIE data and computed the weighted and the generalized Lomb Scargle periodograms. For both, the highest peak is detected close to 5000 days with a false alarm probability (fap)<0.001. The fap was generated using both Monte Carlo simulations to draw new measurements according to their error bars, and the random permutation of the date of the observations, as described in Lovis et al. (2011a) .
Eight Keck measurements were published by Moro-Martín et al. (2007) which showed that the short period solution was incorrect. We added these measurements to our RV data. An error of 5ms −1 was quadratically added to their instrumental error bars in order to take into account the stellar activity jitter. The RV data were then fitted with a Keplerian model using a LevenbergMarquardt algorithm, after selecting starting values with a ge-I. Boisse et al.: The SOPHIE search for northern extrasolar planets netic algorithm . The ∆(RV) E−S was allowed to vary and the fitted value,−31.1±13.6ms −1 is in agreement with the calibration value of ∆(RV) E−S = -40 ± 23ms −1 . The best-fit solution is consistent with an orbital period of P=3950 days and a semi-amplitude K=31 ms −1 . The residuals of the best-fit Keplerian model are equal to σ (O−C) =19.5ms −1 , which consists of components of 18ms −1 for the ELODIE RV, and 20ms
−1 for the SOPHIE ones. These values are large compared to the mean error bars. The 6.1ms −1 dispersion for the residuals of the Keck data points may be smaller due to a small number of points and the free offset between datasets.
HD150706 is an active star and we may expect to measure some RV jitter as discussed in Sect. 3.1. We note that by examining at the periodogram of the (O−C) values, a peak close to 10 days is scarcely detected, value in the domain of the P rot that we derive in Sect.3.1. With a vsini = 3.7 kms −1 , an anti-correlation between (O − C) and the bisector span (BIS) is expected if RV variations are due to stellar activity. The ELODIE measurements have an error bars of about 10ms −1 for the RV and 20ms −1 for the BIS. This precision hampers the detection of a correlation for data with a dispersion of 16ms −1 . On the other hand, an anticorrelation is observed in the SOPHIE data as shown in Fig. 2 . The correlation coefficient is equal to -0.56 with a fap<10 −5 and the Spearman coefficient is -0.47. The fap is calculated with random permutations of the RV data. As in Melo et al. (2007) and Boisse et al. (2009) , we corrected the SOPHIE RV for this trend
. Moreover, at high SNR, SOPHIE data are polluted by an instrumental limitation, called the seeing effect (Boisse et al. 2010a,b) . This apparent RV shift is related to the illumination of the spectrograph, which varies mainly owing to the seeing. Its current characteristic signature is a linear correlation between the RV and a seeing estimator S igma, which accounts for the flux entering into the spectrograph per unit of time, Σ = S NR 2 /T exp , where T exp is the time exposure. The HD150706 SOPHIE (O − C) are plotted in Fig. 2 that swapping the order of the corrections do not change the final result as the order of magnitude of the two effects are equivalent. Finally, we fitted using a Keplerian model the ELODIE and Keck measurements together with the corrected SOPHIE ones. The final orbital elements are listed in Table 3 . They were computed using 4.8 10 6 Monte Carlo simulations with a prior on the ∆(RV) E−S equals to the calibrated value and its uncertainty. The uncertainties in the final parameters correspond to their 0.95 confidence intervals. The best-fit solution is consistent with a non-significant eccentric orbit, e=0.38 Fig. 3 , the best-fit Keplerian model is superimposed on the ELODIE, Keck, and SOPHIE velocities. We also add plots in Fig.4 to illustrate the dependence of the K, P, and e parameters on ∆(RV) E−S .
We did not find any indication of a second planet in the system with the current data set. From our solution, which has a dispersion of 15 ms −1 , the RV residuals exclude an inner planet with m p sin i > 1.3M Jup . On the other hand, owing to the time span of 13.3 yr covered by our observations, we should not have missed an external planet that induces a drift larger than 1.1ms
HD222155b, a Jupiter analog around a quiet star
We used the same methodology as for HD150706. First, we fixed the ∆(RV) E−S derived by the calibration (Appendix A) and used a Lomb Scargle periodogram to estimate the significance level of the detection of a long-period planet. With a fap<0.001, the highest peak corresponds to a period close to 4000 days. The ELODIE and SOPHIE RV data were then fitted with a Keplerian model. The eccentricity as well as the RV offset between the data sets were set as free parameters. The fitted offset -49±8ms −1 agrees with the calibrated one within the error bars, -70±23ms −1 . The orbit has an insignificant eccentricity of e=0.26±0.24, a semi-amplitude of K=20.1 ms −1 , and a period of 3259 days. The residuals to the fit σ (O−C) =19.9ms −1 are large compared to the mean error bar.
Fig. 4.
Covariance between the semi-amplitude K (left panels), the eccentricity e (middle panels), the period P (right panels), and the ∆(RV) E−S for the HD150706 (top panels), HD222155 (middle panels) and HD24040 systems (bottom panels). The red, blue, and purple contour lines represent, respectively, the one, two, and three-σ confidence intervals.
The star is inactive and we do not expect any jitter as an astrophysical noise. On the other hand, the seeing effect is characterized in the SOPHIE data. In Fig. 5 , SOPHIE residuals are plotted as a function of the seeing estimator Σ. The correlation coefficient is equal to -0.51 and the Spearman coefficient to -0.5 with fap<10
−5 , justifying a linear least squares fit to the data. We corrected the SOPHIE RV for this trend RV corrected [kms
We then fitted a Keplerian model to the corrected SOPHIE RV and the ELODIE measurements. The final orbital elements were computed based on 4.8 10 6 Monte Carlo simulations with a prior on the ∆(RV) E−S equals to the calibrated value and its uncertainty (and accounting for the correction on the SOPHIE RV). The uncertainties correspond to the 0.95 confidence interval. They are listed in Table 3 . The best-fit solution is an insignificant eccentric orbit (e=0.16 −0.7 AU, taking into account the error bar in the stellar mass. In Fig. 6 , the best-fit Keplerian model is superimposed to the ELODIE and SOPHIE velocities. Plots in Fig. 4 show the covariance of the K, P, and e parameters with ∆(RV) E−S .
No periodicity is detected in the RV residuals. The dispersion of the residuals, σ (O−C) ∼11ms −1 , excludes an inner planet with m p sin i > 0.9M Jup and an external planet should not induce a drift larger than 0.8ms −1 yr −1 .
Refine the orbital parameters of previously announced long-period planets
The following targets were measured for the same subprogram and observed with the same strategy as that adopted for HD150706 and HD222155, which was detailed in Sect. 2.
HD24040b
Wright et al. (2007) presented the RV variability of HD24040b measured for this inactive G0V star using Keck data. At that time, the authors announced a companion with a period of between 10 yr and 100 yr and a minimum mass in the range between 5 M Jup and 20 M Jup . The stellar parameters can be found in Table 2 of Wright et al. (2007) . The SOPHIE data with SNR<100 were removed (four observations) and we discarded three measurements for which there were abnormal flux level in the thorium-argon calibration lamp.
We combined both the ELODIE and SOPHIE datasets with the published Keck ones. We found that the best Keplerian fit converges with a RV offset between ELODIE and SOPHIE of ∆(RV) E−S =-120±12 ms −1 , which is significantly larger than the calibrated value of -74±23 ms trend. We search for the seeing effect in the residuals of the fit. The SOPHIE (O − C) data are plotted as a function of the seeing estimator in Fig. 7 . The correlation coefficient, which equals −0.30, is not significant with a 30% probability that the two variables are uncorrelated. We removed from the study the measurement with the highest seeing estimator value, which is certainly biased by the seeing effect. The final ELODIE and SOPHIE datasets are available electronically in Tables A.5 and A.6.
We re-adjusted the data with a simultaneous fit of a Keplerian and a linear trend. The RV offset is equal to -67±13 ms −1 , in agreement within the error bars with the calibrated value. The final orbital elements are computed from 4.8 10 6 Monte Carlo simulations with a prior on the ∆(RV) E−S equals to the calibrated value and its uncertainty. (Table 5 ). The relations between the K, P, and e parameters and ∆(RV) E−S are plotted in Fig. 4 .
The residuals has a dispersion of 7.5 ms −1 and do not show any evidence of shorter period companions, and an inner planet with m p sin i >0.62 M Jup is excluded. 
1 Assuming M ⋆ = 1.18 ± 0.10 M ⊙
HD89307b
On the basis of observations acquired at the Lick Observatory since 1998, Fischer et al. (2009) Tables A.7 and A.8. We combined our measurements with the Lick RV. Figure 9 shows the Keplerian orbit and the residuals around the solution. The RV shift between ELODIE and SOPHIE, ∆(RV) E−S =-66±12ms −1 , agrees with the calibrated one, -49±23ms −1 . No instrumental effect is observed in the SOPHIE data. The planetary parameters agree with those of Fischer et al. (2009) . The fitted parameters for the companion and their uncertainties corresponding to the 0.95 confidence interval computed from 5000 permutation simulations are listed in Table 9 . Assuming a stellar mass of M ⋆ = 1.03 M ⊙ and taking into account its uncertainty (± 0.10 M ⊙ ), we computed a planetary minimum mass of m p sin i = 2.0 ± 0.4M Jup for the HD89307 companion, which is slightly higher than the previous published value. The planet has a little longer period of 2199 ± 61 days and orbits at 3.34±0.17 AU. We confirm the probable eccentricity of the orbit with e=0.25 ± 0.09.
The residuals do not show periodicity. With a dispersion of 8ms −1 , the residuals exclude the presence of an inner planet with a minimum mass m p sin i > 0.5 M Jup . Fig. 9 . ELODIE (blue), Lick (green), and SOPHIE (red) RV and residuals from the best-fit Keplerian model (black curve) for HD89307 as a function of time. The fitted orbit corresponds to a planet with a minimum mass of 2.0 M Jup , a period of 6.0 yr, and a slightly eccentricity orbit e=0.25±0.09.
HD154345b
Wright et al. (2008) reported the detection of HD154345b with a minimum mass of m p sini = 0.94 ± 0.09 M Jup , an orbital period P = 3539 ± 66 d, and an insignificant eccentricity of e = 0.044 ± 0.046. The host star is a bright quiet G8V (m V = 6.7) star with an estimated mass M ⋆ = 0.88 ± 0.09 M ⊙ . The stellar parameters can be found in Table 1 of Wright et al. (2008) .
The star was also observed by ELODIE and SOPHIE with, respectively, 49 and 15 measurements spanning 12.2 yr and 3.2 yr. Three measurements were removed from the SOPHIE sample owing to the abnormal flux levels of the thorium-argon calibration lamp during observations and one because it was of too low SNR. We combined these measurements with the Keck RV and fit them with a Keplerian model. The best-fit solution converges with a RV offset between ELODIE and SOPHIE of ∆(RV) E−S =107±6ms −1 , in agreement with the calibrated one of 108±23ms −1 for this star with a B − V=0.73 (see App. A). We searched for any seeing effect in the SOPHIE data. As in HD24040, we found that only one measurements was significantly affected by the instrumental effect. We removed this data point from the sample and fit the three data sets with a Keplerian model. The final ELODIE and SOPHIE datasets are available electronically in Tables A.9 and A.10. We found that the bestfit solution has an equivalent mass and period to Wright et al. (2008) values and an insignificant eccentricity e=0.26±0.15. The fitted parameters for the companions and their uncertainties computed from 5000 permutations simulations and their 0.95 confidence intervals are listed in Table 9 . The final RV offset is equal to ∆(RV) E−S =112±10 ms −1 . We inferred a minimum mass of 1.0±0.3 M Jup , and semi-major axis of 4.3±0.4 AU. The error bars take into account the uncertainty in the stellar mass. The best-fit solution is plotted in Fig. 10 . No significant variability is found in the residuals, and for a total dispersion of 4 ms −1 , an inner planet with m p sin i>0.3 M Jup is not allowed. 
Are we observing magnetic cycles ?
It is only recently that the discoveries of planets with orbital periods reaching the range where stellar magnetic cycles have been observed (from 2.5 to 25 years, Baliunas et al. 1995) , have been achievable. A magnetic cycle could induce RV variations with the periodic modification of the number of spots and plages on the stellar photosphere (as observed on the Sun on a 11-year period), related to changes in the convection pattern and/or other mechanisms such as meridional flows (Beckers 2007 , Makarov 2010 , owing to the magnetic field created by dynamo. The logR' HK index computed from the Ca II H&K lines is sensitive to the presence of plages in the stellar chromosphere and is a reliable means of monitoring the magnetic cycle. Dedicated RV observations of stars with known magnetic cycles (Santos et al. 2010a , Gomes da Silva et al. 2012 have measured weak correlations between active lines indices (Ca II H&K, Hα, Na I) and RV, as well as in the parameters of the CCF. However, these studies have been limited by a narrow range of spectral types, respectively, early-K and early-M dwarfs.
On the other hand, high-precision stabilized fiber-fed spectrographs that observe in the visible such as HARPS or SOPHIE can accurately measure the flux in the Ca II H&K lines. They can monitor with high precision the variation with time in the logR' HK index (Lovis et al. 2011b) . While searching for planets, HARPS RV measurements have revealed stellar magnetic cycles (Moutou et al. 2011 , Dumusque et al. 2011 . Lovis et al. (2011b) used the HARPS sample to identify activity cycles and derive relations between the RV and CCF parameter variations as a function of the R ′ HK variability. These relations depend on the stellar effective temperature and could be used to estimate the RV jitter produced by a magnetic cycle.
The FWHM or contrast of the CCF are insufficiently accurate in the ELODIE or SOPHIE measurements to permit us to examine their variations. In addition, the accuracy of the ELODIE BIS is too low to be sensitive to the effect of a magnetic cycle. Moreover, the use of the thorium-argon lamp during the observations leads to polluted light on the CCD detector that prevents the measurement of the flux inside the active lines for ELODIE spectra. Only SOPHIE measurements of active lines can be used on a shorter timescale (∼3 years) to check for stellar variability. Our observations alone cannot provide any conclusions about the existence of magnetic cycles on the reported stars. Pursuing further observations is therefore needed.
Nevertheless, we measured the Pearson and Spearman correlation coefficients between the logR' HK and the RV values extracted from the SOPHIE data. For the only active star of the sample, HD150706, we averaged the measurements into bins of 30 days to remove the effect of the rotational period. We tested the significance of these coefficients with 100,000 Monte Carlo simulations of shuffled data. We did not find any correlation that could place in doubt the planetary hypothesis.
We can assessed the planetary hypothesis using the results of Lovis et al. (2011b) . We observed that in their Fig. 19 the maximal RV amplitude induced by a magnetic cycle is 12 ms −1 . The detected RV semi-amplitudes reported in our paper are all greater than 17 ms −1 , the smallest one being measured for HD154345. Using Eq. 9 of Lovis et al. (2011b) and the calcium index variations published by Wright et al. (2008) , we calculated that the expected RV semi-amplitude due to an active cycle for HD154345 is 3.65±0.41 ms −1 , which is far below the observed one. We also found that the logR' HK semi-amplitude needed to induce the RV variation measured in HD89307 is two times higher than the highest modulation observed by Lovis et al. (2011b) owing to magnetic cycle (cf. their Fig. 10 ). We concluded that the most likely explanation of the observed RV variations for our stars is the planetary hypothesis.
Concluding remarks
We have presented the detection of two new Jupiter-like planet candidates around HD150706 and HD222155 with combined measurements from the ELODIE and the SOPHIE spectrographs, which were mounted successively on the 1.93-m telescope at the OHP. Orbiting farther than 5 AU from their parent stars, the planets have minimum masses of 2.71 M Jup and 1.90 M Jup , respectively. We have also published the first reliable orbit for HD24040b, which is another gaseous long-period planet. We determined a minimum mass of 4.01 M Jup for this planet in a 10.0 yr orbit at 4.92 AU. We have presented evidence of a third companion in this system. Moreover, we have refined the planetary parameters of two others Jupiter-analogs, HD154345b and HD89307b, by combining our RV data with, respectively, the Keck and the Lick observatories measurements. We obtain parameter values in agreement with those of Wright et al. (2008) and Fischer et al. (2009) .
HD150706 is an active star and the signature of its effect was detected in the BIS of the CCF. We corrected the SOPHIE measurements for the jitter effect. The four other stars are quiet with logR ′ HK values lower than −4.9. In contrast, the SOPHIE measurements are affected by instrumental uncertainties caused by seeing variations, which we partly corrected.
The amplitudes of the RV variations are greater in the case of all stars than for all the reported active cycles in the literature (Baliunas et al. 1995 , Lovis et al. 2011b ). We did not find any long-term correlations between the RV and the activity index in the SOPHIE measurements. We concluded that the most likely explanation of the observed RV variations is the presence of a planet.
In IRAC and MIPS data acquired by Spitzer, Meyer et al. (2004) detected for HD150706, an infrared excess at 70 µm, an upper limit at 160 µm, and no evidence of an excess at λ<35 µm. They interpreted their observations as evidence of a dust disk surrounding the star with a hole devoid of dust that has an inner radius of at least 20 AU. The authors proposed that the presence of an exoplanet could explain the inner edge of the outer dust disk. The SOPHIE and ELODIE RV data sets show evidence of a large companion at less than 20 AU around HD150706. With a minimum mass of 2.71 M Jup , HD150706b orbiting at 6.7 Examining the current distribution of the exoplanet candidate periodicities discovered by RV (Fig. 11) , we observe a drop after ≈ 4 AU. These long-period planets are part of a new parameter space, which have been achieved thanks to the extension of the timelines of RV surveys to longer than 15 years. The current paper increases to nineteen the number of planets further than 4 AU characterized by the RV measurements (Table 1) . With partial observations (i.e. where the orbital period was not completely covered) and a small number of objects, it has been difficult to establish significant statistical trends.
Nevertheless, in Fig. 12 , we focused on the planets discovered beyond 4 AU. We remark that no very massive planet (>8M Jup ) was found beyond 4 AU, in spite of a RV bias detection toward high-mass objects. We emphasize that the only one, HD106270b, is a particular object reported by Johnson et al. (2011) as a very massive planet (m p sin i = 11 M Jup ) orbiting a subgiant. The occurrence rate of planets with minimum masses higher than 8 M Jup is 1/19 for semi-major axes a>4 AU compared to 27/196 (≈ 1/7) for smaller orbits with 1 < a < 4AU 2 . Assuming a binomial distribution, this implies that 13.8±2.5% of the planets with semi-major axes in the range 1 < a < 4AU and 5.3±22.3% for those with semi-major axes a>4 AU have minimum masses higher than 8M Jup . The last error bar illustrates the effects of small number statistics. It is unlikely that these host stars would have been discarded from planet surveys as singlelined spectroscopic binaries: for instance, a 8 M Jup orbiting in 4000 days a one solar-mass star induces a RV semi-amplitude of 102 ms −1 for a circular orbit, which leads to a typical linear slope of ∼ 37 ms −1 yr −1 . If this result is not caused by an observational selection effect, and if we assume that these objects are formed by core-accretion, an explanation could be that these planets did not migrate a lot, preventing a large accumulation of material. Or else, the disk could dissipate when these planets formed preventing them from migrating and growing in mass. We remark that Mordasini et al. (2012) highlighted that a decrease in frequency of giant planets at larger distance (>∼5AU) is a solid prediction of the core accretion theory. If this absence of very massive planets beyond 4-5 AU becomes statistically significant, it is an important result for formation theory.
If we consider only the planets published with a complete coverage of their orbits, they are mostly non-eccentric (e<0.25). In contrast, those with incomplete coverages are almost entirely eccentric (e>0.25), reflecting that eccentric orbits are more easily detected for periods longer that the observation times (Cumming 2004) . However, the eccentricity distribution of these planets agrees with the current observation of a significant dispersion in eccentricities. But we emphasize that a slight eccentricity may hide a longer period planet.
We observe that these planets are found instead in multiplanetary systems (10 of 19 candidates). This could be due to an observational bias as systems with planets are preferentially followed-up. The multiple systems (including HD24040) are plotted in Fig. 13 . We remark that the sample includes two of the most populated systems known, µ Ara (HD160691) and 55 Cnc (HD75732) with respectively, four and five planets. For these systems, the longer period planet is the most massive one. HD134987 and HD183263 have similar configurations that our Jupiter-Saturn system with a lower mass planet outside. Two stars, HD187123 and HD217107, also host a short-period giant planet.
Most of the host stars are G-type dwarf stars. This is clearly an observational bias, as G-type stars were the first spectral type to be targeted by RV surveys. Fig. 14 shows the distribution of the host star metallicity. These detections come from different surveys and samples, and it is not easy to compare the occurrence rates. Nevertheless, a first observation would be that giant gaseous planets appear to occur significantly around stars that are more metal-rich than average (Santos et al. 2004 , Fischer & Valenti 2005 .
These giants planets are supposed to be formed beyond the "snow line". According to the models of planet formation and orbital evolution, giant planets migrate inward on a timescale comparable with the lifetime of the protoplanetary disk. These giants planets with long-orbital periods should have neither migrated or they have followed a scenario that brings them to this location. They may have formed at the same time as the disk dissipated preventing them from migrating. They also may have interacted with other planets in the system causing them to migrate outwards or hamper their migration. For example, inward migration could be avoided by resonance trapping if the mass of the outer planet is a fraction of the mass of the inner planet, as in the Jupiter-Saturn case (Masset & Snellgrove, 2001 , Morbidelli & Crida, 2007 .
Our targets are both bright (6.7<m V <7.6) and nearby (between 18 and 49 pc), hence ideal for follow-up surveys. The extension of the RV measurements for these targets will allow to refine the planetary parameters, to search for other planets in the systems, and to explore the magnetic activity of these stars. For orbital distances greater than 5 AU, imaging provide critical observational constraints on the system such as its inclination and enable to search for outer bodies or provide spectral infor- mation about the planet. The candidate planets would display astrometric signatures of hundreds of µas, for example, 550 µas on HD150706 and 175 µas on HD222155. Despite a duration mission of timescale shorter than the orbital period, part of these orbits should be easily detected by Gaia. Moreover, these systems with long-period low-eccentricity Jupiter-type planets may be similar to the solar system and contain lower mass planets in shorter orbits such as the µ Ara (HD160691) and 55 Cnc (HD75732) systems. New fiber scramblers were installed on SOPHIE in June 2011 (Perruchot et al. 2011) , and preliminary tests showed that they provide a significant improvement in the stability of the spectrograph illumination, hence the RV accuracy. These stars will be followed-up with SOPHIE in order to search for multiplicity in these systems. Hence, the transit probabilities for these candidates are very low at 0.07% and 0.16% for HD150706b and HD222155b, respectively. However, as they may host shorter-period low-mass planets with higher transit probabilities, they are good targets to search for Earth-like planets in transit around bright stars in order to identify a solar system twin. port of our planet-search programs. AE is supported by a fellowship for advanced researchers from the Swiss National Science Foundation ( 
Appendix A: Constraining the RV offset between ELODIE and SOPHIE
When a star is observed by several instruments, the RV offsets between the different datasets are fitted as a free parameter in the Keplerian solution. A sample of about 200 stars, that had been selected as stable from ELODIE measurements, were also observed with SOPHIE to search for low-mass planets (Bouchy et al. 2009 ). This sample can be used to constrain the RV offset between the two spectrographs as these stars have a constant RV at the level of precision of ELODIE (∼10ms −1 ) on a timescale of several years. The ∆(RV) is expected to depend on the color of the star (B−V) and to second order (that we neglect) on its metallicity. Owing to its mean value of 0.003 given by Hipparcos, we neglect the error in the B − V.
For both instruments, we compute the mean RV for each star, RV ELODIE and RV S OPHIE . The error bars correspond to the quadratic sum of the standard deviations in the ELODIE and SOPHIE RV data. We then plot the difference ∆(RV) E−S =RV ELODIE −RV S OPHIE as a function of the B − V in Fig. A.1 . The RV ELODIE are shifted into the blue compared to RV S OPHIE . We consider separately the RV measurements derived from the G2 (black squares) and the K5 (blue circles) cross-correlation mask.
With the K5 mask, a linear fit (black dashed line) cannot be well-constrained and we choose a constant as an offset (green dashed line)
where the residuals have a dispersion of 20 ms −1 , which is considered to be our error in the RV offset.
In the case of the G2 mask, stars with a B − V > 0.75 may have different properties from the others and should have been correlated with the K5 mask. This may be due to a bad spectral classification of these stars. We then fit a linear relation considering only the stars with B − V < 0.75 (green line)
The residuals dispersion around the fit is 23 ms −1 , which we assume to be our offset calibration error.
In Fig. A.2 , three stable stars observed over a period of more than 13 yr are shown, illustrating the reliability of the calibration. 
